
TYPES OF ADSORBENT AND RELATIONSHIPS BETWEEN Reqf VALUES OF 
A SUBSTANCE AND THE COMPOSITION OF THE MOBILE PHASE EN 
THM-LAYER CKROMATOGRAPHY 

SUMMARY 

Relationships between R, vaiues of substances and the adsorption data for the 
components of the mobile phase and its composition were investigated, using silica 
gel G and aluminium oxide G as adsorbents. The substances chromatographed were 
quinoEine derivatives, fluorenone and carbazole. The mobile phases were benzene- 
chloroform and benzene-acetone mixtures. 

The results showed good aement between the theoretic& and experiment& 
relationships R,,,,z = f&J (where cjr is the composition of the mobrle phase) on the 
two adsorbents. The resufts indicate that it may be possibIe to extend the interpreta- 
tion of the chromatographic process and to predict the optimal conditions for the 
separation of mixtures on different types of adsorbents to a greater extent than has 
been permitted so far. 

The wide application of thin-layer chromatography (TLC) in the direct control 
of chemical processes in indu&%y and in ‘Jle laboratory necessitates investigations that 
would permit the rapid and azxn-ate prediction of the optimal separation condidons 
and the correct interpretation of the chromatographic process. So far, the most inter- 
esting theoretical investigations in this geld have been those by SnydeF3, Turina ef 
CIl.“, Soczewiriski and co-workerss-7 and OSc& and co-workers8-1L. 

The theory deduced by OS& and co-workers, based on the thermodynamics 
of the process of adsorption from soIution, permits a relationship to be derived be- 
Ween cert.?& thermodynamic values and chronatographic parameters. For this rea- 
son, this theory was chosen s the sfzrting point in the present imestigations. 

The equation that results from this theory9 which has been discussedearlietiG’“, 
permits tIze l’& values of the chromatograpaed substances to be related simply to the 
adsorption data of the componerrts of tie Iiquid mobile phase and to the cumposition 
of the phase: 



I18 - _ 5. K. RC%XLO 

where Rsi is related to the RF value by the eqr.zation 

1 -R,- 
Kw = 1% ( & ) - - 

R_tIL,2 represents the R, vaiue of 2 substance z obtzined by using 2 two-component 
sot~ent mixture consisting ofsdvents I 2nd 2; RJcr and Rtct represents the R, dues 
of the substance -7 obtAined when using pure solvents f and 2, respectively, as the 
noHe phase, so that - 

pl represents the volume fraction of solveilt I rn the two-component mlveni mixture 
in rhe mobile phase and F;; represents the oolrrme hctior of sokent 1 of the Tao- 
component solvent mixture in the surface phase. Hence the differerrce QE - el ex- 
presses the adsorption of the compoaents of the binary mobire phase, and can be 
determined experiment&y from the adsorption isotherms of the -mobile phase com- 
ponents. By defining the drstribrrtion fkction of the components of the mobile phase 
2s 

W,:en using Ideai or confcrmal (reguiar) mixtures as the mobile phase, it can 
be assumed that _ 

It IS then poss~b!e to estimate the distribution function. K,, from the chromatographic 
data of the substance using pure solvents 2s the mobrfe phase. Thus, from eqn. 5 it 
is possrble to cakufate the d3Zerence & - c;~ for ezch component of the mobrle phase. 
i~lthout using.adsorption rsotherm @ta. 

A= in eqn. I represents log kziP \+here P _r& is the hypothetic& partition cue& 
cien_t of sE&‘ance z between companei~ts 1 ancf 3 of the binary sokent m&me. This 
ccei?icieni represents the interaction bet&een the molecules of srrbstance z and those 
of the compooents of the soI\ er_t m&we- (mobile phase). 

Y Is 2 v&ue that depends OR the Eyype of substance being chromatographed and 
on the mobile phese components. For ideal mobile phases it is zero. For mobile phases 
that represent confor_mal (rcgukr) soiut_i~ns. Y is small for etch mobile phase sompo- 
sitIon and can be drsre~arded. 

- , 
-_ - 

A d&a&d disccussion and the means o‘f using the bbove equatioris were g&n 
in artier pacers1c-X5. The agreenrent betweerr theoretical vaitres estimated by means 
of this equa&n and eqerimerital values wxs demonstrated for systems-of rrked ideal 
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or conformal s&vents used as mobile phases. All measurements were carried out on 
siiica gel as adsorbent. 

Generalrzation of the above theoretic& consrderations wrll be possible after 
extendins tJle investigation to adsorbents that differ considerabIy in their propertIes_ 
Of course, when using fiqurd mobife phases that are not ideal solutrons, vahtes such 
as the distnbution function Kl and the partition coefficient X-E, in a given case ca~tiot 
possibly have the same physical meaning as that for Idea1 systems. Earlier considera- 
tiolls”.15 permit the assumption that q<antitative analysis of the parameters in eqn. 
I V. ill afso allow the analysis of a chromatogaphic process by using solvents that have 
properties different ffom those of ideal solutions. 

The mechanism of adsorption in chromatography on afuminium oxide dif- 
fered from that observed on silica seef. Aluminium oxide is rhe most widely used ad- 
sorbent, apart from s&a _geI, for the cliromatonphic analysis of petrofeum prod- 
ucts”. As a result cf structural differences between alrrminium oxide and silica geP. 
alcohols, for example, may be weaker eIuents on silica geel than on alumir.ium oxide 
in comparison with other soIvents_ 

The above considerations prompted investigations aimed at comparing the 
theoretical and experimentat relationships between the Rcr values of a substance and 
the composition of the mobire phase on two different adsorbents, st., aiuminium 
o-tide and S&X gel. 

EXFERMENTAL 
e 

Experimental functions Rsrr,t = f@f were obtamed by measuring the RF vah~es 
of substances (Table I) by ascending TLC. Silica se1 G and aluminium oxide G for 
TLC (activity I) (hiierck, Darmstadt. G.F.R.) were used as adsorbents. The model 
substances chromatographed were quinotine, isoquinoline, ZmethyLquinoIine. cdmeth- 
ytquinoline and ffnorenone (c&s B) and carbazole (class AB) accordmg to the cias- 
sification of Pimentel and McCle&n”, each having electron-donor propertres. 
Benzene-chloroform (N -+ A) and benzene-acetone (N + B) mixtures were used as 
mobile phases. The solvent systems are relativelp simpfe, especially when the poIar 
component IS non-associated. The infiuence of the composition of the mobiIe phase 
on the adsorption of the chromato,gaphed substance wilf depend to some extent on 
the sofvation constant in this phase, and the actua: situation in such a chromatogra- 
phic system may be dtfFerent from that in a known model system when theoretical 
parameters are predicted. The aboLe liquid mobile phase systems are those most often 
used in adsorption chomatography, which is why they were chosen for these experr- 
merits. 

Chromatogaphy was carried orrt in the usual way, as described in detail else- 
wEEereiz.f3,Ls.To.zL_ The results are presented as graphs of RsZrsL = f(& obtained theoret- 
ic&y on the basis of the eqn. E (solrd and broken lines) and experimentaily (points). 

The values of the distribution function K:, charactenstic of the adsorption 6f 
the components of the liqrrid mobiIe phase, were found by assuming that - log Ki = 
bRrrrz. This value permitted, in turn, the difFerence q-f - qr to be found”-15. Suitable 
values of AZ = tog &. were chosen for the calculated function RKI.2 = f(& (ref. 
IO). The vafues of _4= gi\e an idea of the mole&!ar interactions betH een the moiecufes 
of substaance z and those of the components of the solvents. 
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TABLE If 

VALUES OF A= AND K: OF SOLUTES CJ3JXOMIATOGRApEEED ON ALUMBITUM OXlDE 
AND SILICA GEL AS ADSORBENTS 
Mabde phases: benzene-chhroform and benzene-acetone. 

Sofute C&&-Ci%Zf~ Cd&-fCK,ltCO 

AL 4 AE & 

Ai& Sio, AL03 SiG= - A fSOJ SZ, A&O1 SK?~ 

Quinoline 44.62 -0 43 f3.3 t3.5 -0.23 0.0 f16.0 -781.22 
IsoqurnoEne -0.21 -4.56 -0 SO TO.51 
2-Meth~kpinokrie -0.06 -0 92 -4.25 -4.W 
C~erI-fyIquinoiine -0.26 -0.54 -0.67 io.29 
Fhorenoae -1.32 -0.16 0.0 +I.23 
CarbazoIe -1x3 +0.1s -0.69 J-O.87 

RESULTS API;D DISCUSSION 

The experiment& resu&s show two cases, when the mixed mobiie phase 
consists of ita active solvent of either A or B type plus an N-type solvent. III N f B 
systems, sofvation effects may also be observed, wMe the interaction of acetone with 
the adsorbent surface <silica) may result in complexes with surface hydroxyl grorrps”. 

Fig. 1. Theorefical (solid and broken lines) and experimentd @oints) Rv,_l = f(& refationships 
for qtiohe. isoquinoline, _ T-methyIqtioEne, 4-methyiqtio7Sne, Buorenone and cvbazole obtained 
OZI alurniriirun oxide (squares) snd silica gei (circk~). _MobZe phase: benzene-chlorofoim. 



In a,gree_merrt with SrQdeP, for m&c&z complexes in the Iiquid phase be- 
~WIXR m&c&s of a salvent and molecufes of a chromatographed substance, the 
ener_e of inrerac~ion wii! not be determined by the adsorption ener,T of the substznce 
but by the adso@ion ener,g of the complex formed_ 

Soczewiriski and Xu;atysik” reported that quinoIine derivatives used as modei 
substaces da sot f5m hydrogen bonds wi’& ketone (acetone) m&cuIes. However, 
this does not mean +&at in the systems examined Interactions of another type might 
not CccUf. 
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In the methyl-substituted quinolines examined. mesomeric effects can aIso 
occur. although it seems that steric effects prevail with 2-meth~lquinoline. This is 
shown by the different va&s of A, for this substance (Table 11~ in comparison with 
those for other quinofine derivatives_ The negative values of& observed for the sub- 
stances examined illustrate the stronger interactions of the substances with the fess 
active component of the mobile phase. It is interesting that these vaIues do not depend 
on the type of adsorbent. 

For the benzene-chloroform mobile phase, the’values of the adsorption equi- 
librium constant {distribution function) are very close on both adsorbents fKl = 
3.3-X5), while for the benzene-acetone mobile pkase the values-differ widefy (16.0 
an aluminium oxide and S I.22 on silica gel)_ 

Fig. I shows the relationships R,,,,: = f@J for the quinotine derivatives and 
ffuorenone and carbazole obtained on the two adsorbents with benzene<hloroform 
as the mobile phase. There is a fairly good agreement between the experimemal and 
tkeoretical relationships on both adsorbens_ For the quinoline derivatives. both the 
theoretical and experiment& relationships differ Iargely III the Rrr vahes of the sub- 
stances examined_ However. the shapes of the curves are similar. 

A comparison of the R,,,C, = f(FJ relationships and the values of Kl on the 
adsorbents used indicates a close similarity between the adsorption processes under- 
gone by the moIecuIes of the mobile phase in the twe ckromatographic systems. 
Similar shapes of the theoretical and experimental RLtfES, = f(& functions were ob- 
served when using ffuorenone and carbazote. 

A different shape of the theoretic& and experimental Rlrl,2 = f(& relation- 
ships caac be seen in Fig_ 2, which shows that the functions differ on the two adsorbents 
with regard to both R,, values acd shape. The benzene-acetone mobile phase shows 
the presence of more complex and stronger molecular interactions, the change in the 
molecular interactions being indicated b> the veq different d Rt,,,2 values for the sub- 
SC3KfX. 

The tfieoreticaf and experimentaf results indicate the possibility of extending 
the use of the equatron to a larger number of adsorbents. Et IS hoped that eqn. I may 
be used for the prediction of optimal separation conditions of mixtures of substances 
and for the rnterpretation of the chromatographic process to a greater extent than that 
suggested by current investigations. 
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